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Background: Breast implants may increase breast skin tension and interact with surrounding 
tissues to alter breast position and motion during dynamic activity. Reducing implant mass and 
changing implant location (submuscular/subglandular), may also affect breast kinematics and 
the subsequent load on breast structures.  
Objectives: This pilot study aims to describe the kinematics of breasts augmented with reduced 
mass implants during standing, walking and running, compared to natural breasts, and to 
provide insight into how implant location (submuscular/subglandular) alters breast kinematics. 
Methods: 12-15 months post-surgery, two breast augmentation participants (32AA pre-
surgery, anatomical submuscular 255 cc B-Lite® reduced mass implant, and 32A pre-surgery, 
anatomical subglandular 285 cc B-Lite® reduced mass implant) and two natural breasted 
participants of similar breast size and anthropometrics were recruited (Natural 1 and 2). Nipple 
and torso positional data were recorded using electromagnetic sensors during standing, walking 
and running. Nipple kinematics relative to the torso were calculated. 
Results: The B-Lite® participants both displayed greater nipple projection and elevation during 
standing and a 50% reduction in nipple acceleration during walking, when compared to their 
natural counterparts. During running, the B-Lite® subglandular participant displayed decreased 
nipple kinematics, compared to their natural counterpart and lower nipple kinematics compared 
to the B-Lite® submuscular participant during walking and running. 
Conclusion: A combination of implant location (subglandular) and reduced mass minimised 
nipple kinematics during running. Reducing nipple kinematics during dynamic activity may 






















In 2018 over 300,000 breast augmentations with an implant were performed in the U.S.A., 
making this the most common cosmetic surgical procedure in the U.S.A., for that year.1 In 
2017, breast augmentation with an implant was similarly popular worldwide with an estimated 
1.5 million procedures undertaken.2 While implant positioning varies across surgical 
recommendations and patient preference, Araco et al3 reported that subglandular/subfascial 
implant positioning accounted for 50%, and submuscular/dual-plane implant positioning 
accounted for the other 50%, of aesthetic breast augmentations which took place in 3,002 U.K. 
based women, between 1996 and 2001.3 Regardless of implant positioning, high satisfaction 
rates for breast implantation are often reported, however complications can occur, including 
capsular contracture.4 It is suggested that complications associated with breast implantation 
may be attributed, at least partially, to the force imposed by the mass of the implant adversely 
affecting the mechanical properties of the breast tissue.5,6 At a gross level, saline (1 g/ml) and 
silicon (0.97 g/ml) breast implants have a reasonably similar density to natural breast tissue 
(0.945 g/ml).7,8 If an implant was used without the removal of natural tissue, the implant will 
increase breast mass, therein increasing the force acting o  the breast from pre to post surgery. 
Therefore, when compared to a natural breast of similar size and volume, a standard saline and 
silicon breast implant should display a similar mass per unit volume. 
Innovations in breast implant development now enable the use of an implant with a 
lower density and mass compared to standard saline and silicone implants.8 The B-Lite® is 
reported as the first reduced mass breast implant, which is 30% lighter than a standard breast 
implant.8  
When positioned behind the pectoral muscles (submuscular implant) or behind the 
natural breast tissue (subglandular implant), a reduced mass implant will increase the distance 
from the chest wall to the centre of mass of the breast, potentially increasing breast kinematics, 
when compared to a full mass implant or natural breasts of a similar volume. However, a 
reduced mass implant also has the benefit of decreasing the force induced by the acceleration 
of the breast during dynamic activity. Therefore, reducing implant mass may reduce breast 
kinematics and subsequent force on the breast structures, the implant and the implant capsule. 
These potential benefits may improve the longevity of the implant procedure.9  
During breast augmentation with an implant the mechanical properties of the internal 
breast tissues may be altered by the formation of scar tissue around the implant.10 This scar 
tissue forms a fibrous capsule around the implant,11 which is reported to have greater 
mechanical strength than natural breast tissue,10 helping to maintain the position of the 



















stiffness of the capsule may increase the overall stiffness of the breast,12 resulting in a potential 
reduction in breast kinematics and force during dynamic activity. Whereas, submuscular 
implantation is likely to have less of an effect on the mechanics of the internal natural breast 
tissue because it is separated by musculature.13  
Additional to the implant’s effect on internal soft tissue dynamics,14 the breast skin may 
also be effected by breast implantation. Breast skin plays an important role in supporting the 
mass of the breast, and due to an acute increase in breast volume during breast implantation, 
breast skin tension increases for a period of time,15 which may also affect the kinematics of the 
breast. This effect is thought to be more significant in subglandular implantation, because in a 
submuscular placement the muscle may act as a type of splint for the implant, and result in less 
skin stretch.16 Previous studies using external devices to increase tension around the breast, 
have reported associated reductions in breast kinematics during dynamic activities.17  
Within this study, when comparing similar volume natural breasts to breasts implanted 
with a reduced mass implant, any differences in breast motion, velocity and acceleration in the 
implanted breasts may be due to a combination of reduced mass, altered distance to centre of 
mass, stiffer internal tissue mechanics and increased breast skin tension. Therefore, this pilot 
study firstly aims to describe the kinematics of breasts implanted with a reduced mass implant 
during standing, walking and running when compared to natural breasts, and secondly aims to 




Following institutional ethical approval (Science Faculty Ethics Committee (SFEC), 
University of Portsmouth, U.K.), four females gave written informed consent to participate in 
this study. Twelve to fifteen months prior to this study, two of the participants had breast 
augmentation using a B-Lite® reduced mass implant (30% lighter than a standard mass implant, 
G&G Biotechnology Ltd, Israel8) with the same surgeon (C.I.). The B-Lite® reduced mass 
implants had a microtextured surface (<50 um average roughness). Participant 1, who had a 
pre-surgery bra size of 32AA, had an anatomical B-Lite® implant (255 cc) placed under the 
pectoral muscles (submuscular), with an infra-mammary incision in April 2016 (B-Lite® 
submuscular Table 1); participant 2, who had a pre-surgery bra size of 32A, had an anatomical 
B-Lite® implant (285 cc) placed under the breast tissue (subglandular) with an inframammary 
incision in June 2016 (B-Lite® subglandular, Table 1). Breast mass was estimated using the 



















tissue (32AA = 100 g and 32A = 125 g),18 left and right breast were assumed to be of an equal 
volume and mass (Table 1). Post-surgery, participants displayed no signs of capsular 
contracture, malposition or other adverse events that may affect subsequent kinematic results. 
Additionally, post-surgery, prior to laboratory testing, participants had their bra size assessed 
by a trained bra fitter using best-fit criteria and their underbust and overbust circumference 
measurements (cm) were taken using a measuring tape.19 Following recruitment of B-Lite® 
submuscular and B-Lite® subglandular, two further participants who had not undergone any 
surgical procedures to their breasts and displayed similar breast sizes and anthropometrics to 
the B-Lite® participants, were recruited (Natural 1 and 2) (Table 1). 
To investigate the kinematics of the breast during standing, walking and running, left 
nipple and torso 3D positional data were recorded at 240 Hz using an electromagnetic sensor, 
(Liberty, Polhemus, USA) (Micro Sensor 1.8™, outer diameter = 1.8 mm, mass = < 1.0 g).20 
Torso sensors were placed on participants; suprasternal notch, xiphoid process, C7 and T8 to 
enable nipple motion to be quantified relative to the torso.20 
Bare-breasted static sensor positions were recorded as participants stood in the 
anatomical position for 10 s. With the sensors remaining in place, participants then performed 
a self-selected warm up, after which they mounted a treadmill (h/p/cosmos mercury®, 
Nussdorf–Traunstein, Germany) with a zero gradient and the speed was gradually increased. 
When treadmill speed reached 1.4 m∙s-1 (5.0 km∙h-1) this speed was maintained and participants 
performed walking for 30 s,21 the treadmill speed was then gradually increased to 2.8 m∙s-1 
(10.0 km∙h-1),21 where participants performed running for 30 s, while sensor positional data 
were recorded.  
Positional data from the electromagnetic sensors on the nipple and torso from standing, 
walking and running were exported to Visual 3D (v4.96.4, C-motion, Maryland, USA), where 
data were filtered using a generalised cross-validatory quintic spline.22 A torso segment was 
created in Visual 3D to provide a reference coordinate system for the breast sensors.20 Briefly, 
the proximal end of the torso segment (the origin) was defined using the midpoint between the 
suprasternal notch and C7 sensors, and the distal end was defined using the midpoint between 
the xiphoid process and T8 sensors. For standing, the posterior breast margin was identified as 
a vertical plane coincident with the suprasternal notch in the frontal plane.23 Following this, 
average (over the 10 s standing period) nipple projection (the horizontal distance in the 
transverse plane between the posterior breast margin and the nipple), nipple elevation (the 



















separation (the horizontal distance in the coronal plane between the nipple and the suprasternal 
notch) were calculated.23  
For walking and running, gait cycles were identified using the cyclical inferior trough 
position of the suprasternal notch sensor. The first five and ten gait cycles were omitted for the 
walking (1.4 m∙s-1) and running (2.8 m∙s-1) trials respectively, to ensure the participant had 
adapted to the treadmill speed.24 Following this, global nipple trajectories (frontal plane only) 
and nipple trajectories relative to the torso (frontal and sagittal plane) during five running gait 
cycles were ensembled for visual inspection (trajectory analysis), and twenty consecutive gait 
cycles at each treadmill speed were quantitatively analysed.25 Nipple positional data in each 
direction were used to calculate nipple range of motion (ROM; consecutive peak position 
minus trough position; m), peak positive and negative nipple velocity (m∙s-1) and peak positive 
and negative nipple acceleration (m∙s-2). These parameters were averaged over the 20 gait 
cycles to calculate representative values for both walking and running, for each participant.  
Comparisons were made for all nipple kinematics (position, trajectory, ROM, velocity, 
acceleration) between B-Lite® and natural participants to provide insight into the effect of 
breast mass, and between B-Lite® submuscular and B-Lite® subglandular to provide insight 
into the effect of breast implant location. Due to this case study approach statistical analyses 
were not undertaken.26  
 
RESULTS 
Whilst standing, the B-Lite® subglandular participant (age, 23 years) displayed the most 
projected and elevated nipple position, followed by the B-Lite® submuscular participant (age, 
37 years), then the Natural 2 participant (age: 19 years) and finally the Natural 1 participant 
(age, 35 years) (Figure 1). 
In general, during walking, the larger natural breasted participant (Natural 2) displayed 
the greatest nipple ROMs, velocities and accelerations and the B-Lite® submuscular displayed 
the least nipple ROMs and velocities (Figure 2). This was similar for the acceleration during 
walking, except in the superior-inferior direction where the B-Lite® subglandular participant 
displayed the least nipple accelerations. In nearly all directions, both natural breasted 
participants displayed greater nipple ROMs, velocities and accelerations than the breast 
implant participants, and the B-Lite® submuscular participant displayed the lowest nipple 
kinematics. 
During running, frontal plane global nipple trajectories for all participants varied 



















at www.aestheticsurgeryjournal.com). For relative frontal plane nipple trajectories the B-Lite® 
submuscular participant displayed distinct inferior troughs, close to the most medial and lateral 
nipple position (Figure 3A). In comparison, their Natural counterpart (Natural 1) displayed 
inferior troughs occurring approximately midway between the most medial and lateral relative 
nipple positions (Figure 3B). When comparing the B-Lite® subglandular participants nipple 
trajectory to their Natural counterpart, no discernible pattern could be identified, with very little 
superior-inferior and mediolateral movement (see enlarged section, Figure 3C), whilst the 
Natural 2 participant displayed more of a butterfly trajectory, with inferior troughs midway 
between their most medial and lateral nipple positions (Figure 3D). The sagittal plane 
trajectories were all very different with no clear pattern identified (Figure 4). Finally, there was 
no consistent trajectory between the B-Lite® submuscular and the B-Lite® subglandular 
participant in either the frontal plane or sagittal plane. 
During running, the larger natural breasted participant (Natural 2) displayed the greatest 
nipple ROMs, velocities and accelerations, in all directions, and the B-Lite® subglandular 
participant displayed the least nipple ROMs, velocities and accelerations in all directions 
(Figure 5). Contrary to walking, in all directions the B-Lite® subglandular participant displayed 
lower nipple ROMs, velocities and accelerations than the B-Lite® submuscular participant. 
 
DISCUSSION 
To date, no data exists on the kinematics of an implanted breast and only limited data is 
available on the kinematics of natural breasts during dynamic activity.5 Therefore, this pilot 
study firstly aimed to describe the kinematics of breasts implanted with a reduced mass implant 
during standing, walking and running and secondly to provide an insight into how implant 
location may alter breast kinematics.  
During standing, the B-Lite® subglandular participant exhibited substantially more 
nipple projection and elevation, compared to both natural breasted participants and the B-Lite® 
submuscular participant. Valente et al16 identified that increases in implant projection may 
result in increased stretching of the skin, which may restrict the movement of the implant during 
dynamic activity.  
When describing the nipple trajectories within the current study, the B-Lite® 
participants did not display clear “butterfly” trajectories in the frontal plane, as identified by 
Zhou et al.27 The larger natural breasted participant (Natural 2) displayed a frontal plane nipple 
trajectory which could be approximated to the butterfly shape reported by Zhou et al,27 



















B-Lite® and natural participants displayed relatively low within-participant (between gait 
cycle) variance, similar to what has been reported in previous literature.21 Whilst limited 
conclusions can be drawn from the trajectory data, this pilot study identifies a need for 
normative data in this area. Understanding the nipple trajectories of natural breasts during 
dynamic activity will enable future research to determine the impact of breast implants on 
nipple trajectories.  
The larger natural breasted participant (Natural 2, 32E) consistently displayed the 
greatest values for all nipple kinematics, in all directions during running. The values reported 
were similar to those reported by Risius et al28 for sixteen 32D participants; range of motion of 
0.055 m (superior-inferior), 0.057 m (mediolateral), and ~0.050 m (anteroposterior); velocity 
of ~0.9 m∙s-1 (superior-inferior), ~0.6 m∙s-1 (mediolateral) and ~0.59 m∙s-1 (anteroposterior); 
and acceleration of ~40 m∙s-2 (superior-inferior), 21.1 m∙s-2 (mediolateral) and ~31 m∙s-2 
(anteroposterior). In general, the B-Lite® subglandular participant displayed the lowest values 
for all nipple kinematics, in all directions. As expected, these values were substantially smaller 
(less than half) than those reported by Risius et al28 for similar (natural) breast sizes during 
bare-breasted running.  
Unexpectedly, the natural 1 participant (32C) displayed smaller nipple motion, velocity 
and acceleration, than those previously reported for similar breast sizes during bare-breasted 
running.29 Nolte et al29 reported relative nipple range of motion of 0.064 m (superior-inferior), 
0.049 m (mediolateral) and 0.054 m (anteroposterior) for sixteen B and C cup participants. 
Unfortunately, Nolte et al29 did not report underband sizing or measurements for their 
participants and therefore, these sizes may have differed to the participants in this study. Given 
that larger or smaller underband sizing may be related to the surface area of the attachment of 
the breast to the chest wall (increases or decreases in the size of attachment sites such as the 
triangular fascial condensation30), this may account for the discrepancy of nipple kinematic 
results between studies. On the contrary, as expected, the B-Lite® submuscular participant (also 
a 32C) displayed ranges of motion (<0.04 m) less than that reported by Nolte et al29 in all 
directions.  
The reduced nipple kinematics during walking and running in the B-Lite® participants 
compared to their natural breasted counterparts, may be due to the reduced breast mass (for the 
same breast size), stiffer internal tissue mechanics and increased skin tension. This phenomena 
may be further compounded in those with subglandular implantation, as the B-Lite® 
subglandular participant displayed reduced nipple kinematics during running compared to the 



















cc) and a larger post-surgery breast cup size (32D compared to 32C). Previous research has 
reported that larger natural breasted women ( ≥ D cup) display greater nipple motion, velocities 
and accelerations, compared to their smaller breasted counterparts (< D cup) during dynamic 
activity.31,32 Therefore, it may be implant location (subglandular compared to submuscular) 
which resulted in decreased nipple kinematics in the B-Lite® subglandular participant 
compared to the B-Lite® submuscular participant. It is also interesting to note that despite the 
increased distance from the chest wall to the breast centre of mass of the implanted breasts, 
which would potentially increase breast kinematics, the reduction in implant mass may have a 
greater effect on breast motion, therefore highlighting the benefit of the reduced mass breast 
implant.  
This is the first study to investigate implanted breast kinematics; however, it is not 
without its limitations. Firstly, whilst this case study approach provides an insight into the 
kinematics of an implanted breast, it struggles to determine if these findings are representative 
of the wider population. A limited sample size and differing participant ages may limit the 
conclusions which can be drawn from this pilot study and therefore future research should build 
upon this pilot data, to provide an evidence base for the behaviour of implanted breasts during 
dynamic activity. Furthermore, it is advised that comparisons are made between standard mass 
and reduced mass implants, as well as pre and post-surgery comparison to help understand the 
biomechanical effects of breast implantation surgery on the kinematics of the breast.  
 
CONCLUSION 
In conclusion, this pilot study is the first to describe the dynamic behaviour of implanted 
breasts. The largest natural breasted participant (Natural 2, 32E) consistently displayed the 
greatest values for all nipple kinematics, in all directions, whilst in general, the B-Lite® 
subglandular participant displayed the lowest values for all nipple kinematics, in all directions. 
For the implant participants, the data suggests a reduced mass implant decreases the 
biomechanical load on the breast, and this is further reduced by subglandular implantation, 
compared to submuscular implantation. The reductions in breast acceleration identified during 
dynamic activity, coupled with a reduction in breast mass for the implant participants would 
also suggest a reduced force acting on the breast during dynamic activity. This could have 
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Figure 1. (Left) Nipple elevation (m) and projection (m), and (Right) nipple separation for B-
Lite® submuscular (32C), Natural 1 (32C), B-Lite® subglandular (32D) and Natural 2 (32E) 
during standing. 
 
Figure 2. (Upper-left) Nipple range of motion (m), (Upper-right) nipple peak velocity (m∙s-1) 
and (Bottom) nipple peak acceleration (m∙s-2) for B-Lite® submuscular (32C), Natural 1 (32C), 
B-Lite® subglandular (32D) and Natural 2 (32E), during bare-breasted walking (1.4 m∙s-1). 
 
Figure 3. Frontal plane mean (SD) nipple trajectories in (A) B-Lite® submuscular (32C), (B) 
Natural 1 (32C), (C) B-Lite® subglandular (32D) and (d) Natural 2 (32E), over first five running 
gait cycles (2.8 m∙s-1). [An enlarged section of trajectory is included in “C” to improve 
visibility].  
 
Figure 4. Sagittal plane mean (SD) nipple trajectories in (A) B-Lite® submuscular (32C), (B) 
Natural 1 (32C), (C) B-Lite® subglandular (32D) nd (D) Natural 2 (32E), over first five 
running gait cycles (2.8 m∙s-1). [An enlarged section of trajectory is included in “C” to improve 
visibility].  
 
Figure 5. (A) Nipple range of motion (m), (B) nipple peak velocity (m∙s-1) and (C) nipple peak 
acceleration (m∙s-2) for B-Lite® submuscular (32C), Natural 1 (32C), B-Lite® subglandular 




















Table 1. Participant Characteristics 
Participant characteristics B-Lite® submuscular Natural 1 B-Lite® subglandular Natural 2 
Age (years) 37 35 23 19 
Body mass (kg) 64 48 50 50 
Body mass index (kg/m2) 22.8 18.1 19.4 17.9 
Underband (cm) 71 70 68 70 
Bust circumference (cm) 79 80 85 85 
Fitted bra size 32C 32C 32D 32E 
Menopausal status Pre-menopause Pre-menopause Pre-menopause Pre-menopause 
Parity status Nulliparous Nulliparous Nulliparous Nulliparous 
Diagnosed with breast cancer No No No No 
Undergone breast surgery Yes No Yes No 
Reason for implant surgery General breast enlargement  General breast enlargement  
Duration since surgery 12 months 27 days  14 months 6 days  
Surgical procedure performed Primary augmentation  Primary augmentation  
Incision size – left 4.5 cm  4.5 cm  
Incision size – right 4.5 cm  4.5 cm  
Implant type Anatomical  Anatomical  
Incision site Infra-mammary  Infra-mammary  
Implant company name B-Lite®  B-Lite®  
Implant size 255 cc  285 cc  
Estimated individual breast mass 289 g  336 g  
Pre-surgery breast size AA  A  
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